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difference in editing patterns between subjects with de- being said, it is certainly intriguing to speculate on yet
pression, schizophrenia, or controls, but that the differ- another layer of complexity of neural functioning that
ence is between suicide victim and control, independent may be altered in disease states. Polymorphisms and
of psychiatric diagnosis. The results of Niswender et al. mutations in genes affecting gene expression and pri-
(2001) are in contrast to those of Sodhi et al. (2001), mary transcript sequence (genomics), changes in pat-
which reported a significant difference in editing pat- terns of protein processing, localization and activity
terns between patients with schizophrenia and controls, (proteomics), and now, alterations in the regulation of
with the schizophrenic subjects having increased num- RNA editing (transcritomics) in the CNS all speak to the
bers of unedited transcripts, as compared to controls. nuanced complexity of normal behavior and the varied
It should be noted that Gurevich et al. (2002) and Nis- paths to disease states. Another idea hinted at by these
wender et al. (2001) used different methods of detecting studies is that there may be an independent pathology
editing. In the present study, the authors subcloned and underlying suicide that is separable from depression,
determined DNA sequence for a minimum of 30 isolates schizophrenia, or other psychiatric disorders. That sui-
per subject, whereas Niswender et al. (2001) used a cide victims with mood disorders, psychotic disorders,
primer extension technique. The results presented by and at least one victim with no discernable psychiatric
Gurevich et al. (2002) are the most comprehensive of disorder all had alterations in RNA editing is an exciting
the three studies in that DNA sequences were deter- and provocative finding. The true meaning of these ob-
mined on a large number of isolates for each subject. servations has yet to be determined, but we are now in
Another possible source of the differences between position to begin to tease apart the different processes
studies is in the small numbers of subjects included in that lead to psychopathology and suicide.
each report. Each research group used different identifi-
cation and detection technologies, but all are very labor
Steven J. Garlowintensive and require both PCR amplification of the tar-
Department of Psychiatry and Behavioral Scienceget sample and base pair determination of the edited
Emory University School of Medicinesite either by sequencing or primer-extension reactions.
1639 Pierce Drive, Suite 4000The net result is that 30 to 50 detection reactions have
Atlanta, Georgia 30322to be carried out for each individual victim. All three
reports required a herculean effort in identifying and
typing the transcript isoforms, and the researchers
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holser, J.C., Stockmeier, C.A., Emeson, R.B., and Sanders-Bush, E.fluoxetine, a potent serotonin reuptake inhibiting antide-
(2001). Neuropsychopharmacology 24, 478–491.pressant. The fluoxetine-treated mice had significantly
Price, R.D., and Sanders-Bush, E. (2000). Mol. Pharmacol. 58,less editing at the C and D sites and increased concen-
859–862.trations of ABD and ABCD edited isoforms. The patterns
Reenan, R.A. (2001). Trends Genet. 17, 53–56.observed in the fluoxetine-treated mice were opposite
Sodhi, M.S., Burnet, P.W.J., Makoff, A.J., Kerwin, R.W., and Har-those seen in the suicide victims. This leads the authors
rison, P.J. (2001). Mol. Psychiatry 6, 373–379.to speculate on a possible serotonin-mediated mecha-
Wang, Q., O’Brien, P.J., Chen, C.X., Cho, D.S., Murray, J.M., andnism controlling editing of the 5-HT2C transcripts. The
Nishikura, K. (2000). J. Neurochem. 74, 1290–1300.pattern of edited isotypes from the one outlying suicide
victim may provide some support for this since this indi-
vidual was receiving multiple medications, which may
have driven editing in the direction detected.
What is to be made of these results? The first conclu- Protein Synthesis in the Visual
sion is that this is a very preliminary, although highly
Cortex Is Needed for Ocularintriguing, report and should be considered as such until
replicated in a much larger sample, with “standardized” Dominance Plasticity
methods of patient assessment and transcript typing.
Given the preliminary nature of the results, conclusions
as to mechanisms and pathological processes must be
Experience-dependent remodelling of neural connec-viewed with some reserve. The total dataset from both
tions progresses through stages, and early phasesstudies of suicide victims is too small to justify strong
mechanistic or pathophysiological conclusions. That eventually give way to later long-lasting ones. The
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transition from early to late stages, often associated In this issue of Neuron, Taha and Stryker (2002) inves-
tigate the role of protein synthesis in ocular dominancewith structural changes, depends on protein synthe-
plasticity in the mouse. Taking advantage of a minipumpsis. Suppression of cortical but not geniculate protein
technique, they are able to perfuse the protein synthesissynthesis blocks ocular dominance plasticity at its
inhibitor cycloheximide into restricted portions of theearliest stage, suggesting that structural changes oc-
brain and ask where and when in the pathway proteincur rapidly in the visual cortex following monocular
synthesis is required. They show that blocking proteindeprivation.
synthesis in the visual cortex prevents the very first
effects of MD. In contrast to controls where ocular domi-Our brains are dynamic machines that undergo continu-
nance shifts are observed within a few days of MD, inous changes influenced by experience. These changes
cortices treated with cyclohexamide, there is no detect-are particularly dramatic during development, but re-
able shift in ocular dominance distribution (see Figure).modelling of neural connections in the brain goes on
On the other hand, blocking protein synthesis in thethroughout our lives. Even changing an opinion implies
lateral geniculate nucleus, which relays retinal informa-a functional and possibly a structural change in our
tion to the visual cortex (see Figure) does not block thebrains. The commonly used sentence “I have changed
manifestations of plasticity induced by MD. In additionmy mind” might sound worrying at a second thought!
to controlling for potential nonspecific effects ofExperience-dependent remodelling of neural connec-
blocking protein synthesis in the brain, this experimenttions progresses through stages: short-term changes
in LGN shows that the locus where protein synthesis is
are followed by later, long-lasting changes, and the tran-
required is the visual cortex and, thus, reinforces the
sition from early to later stages depends on protein notion that the first plastic changes induced by MD take
synthesis. This holds true for several forms of learning place in the cortex and not in the thalamus.
and memory and synaptic plasticity (Mayford and Kan- While blocking protein synthesis blocks the shift in the
del, 1999; Bliss and Collingridge, 1993). Protein synthe- ocular dominance, other functional properties of visual
sis is generally thought to be required for the structural cortical neurons, such as their responsiveness to visual
changes associated with the later stages of plasticity stimulation, orientation selectivity, and receptive field
processes. size, remain normal. Retinotopy is also not affected, and
Although many years have passed since the first stud- the morphology of cortical neurons and the dendritic
ies in vivo on the involvement of protein synthesis in spine density also remain normal. It is interesting, almost
learning and memory, it has not been clear whether surprising, to note that 4 days of protein synthesis inhibi-
protein synthesis also plays a role in other forms of tion does not alter structure and function of visual corti-
experience-dependent plasticity. The developing visual cal neurons. One potential explanation for this is that the
cortex is another classic and well-studied example of amount of synthesis reduction achieved in V1 (between
experience-dependent plasticity. 70% and 30%) is such that the levels of proteins neces-
In the mammalian visual cortex, neurons are activated sary for normal function are not compromised, while
to different degrees by visual stimuli presented to one the production of new proteins needed for plasticity is
eye or the other, a property called ocular dominance. blocked.
The observation that cycloheximide prevents ocularPrevious anatomical and physiological studies have
dominance shifts after the minimum period of depriva-shown that during a discrete temporal window in devel-
tion required for a detectable effect on ocular domi-opment, synapses in the visual cortex are exceptionally
nance in mice suggests that the molecular events requir-plastic. If vision is normal for both eyes during develop-
ing protein synthesis are necessary at rather earlyment, a highly binocular ocular dominance distribution
stages. This is consistent with previous results from thedevelops in the binocular portion of primary visual cortex
same group showing that in mice, induction of CREB-(see Figure). However, if one eye is occluded during
dependent gene transcription, which has been showndevelopment (monocular deprivation [MD]), there is a
to be critical for the development of ocular dominanceloss of visually driven activity in the cortex through the
plasticity, in mice is very rapid (12 hr) following the onsetclosed eye and there is a shift in the balance of ocular
of MD.inputs to the cortex. The number of neurons responding
The results of Taha and Stryker show that proteinbest to stimuli presented to the nondeprived eye in-
synthesis is necessary to drive the early stages of ocular
creases at the expense of the deprived eye. The shift
dominance plasticity, but it remains to be determined
in ocular dominance is taken as a sensitive index of which proteins are affected. Based on the timing, one
plasticity of visual connections. Although this shift can might suppose that these proteins may not be involved
be detected electrophysiologically with just a few days directly in structural rearrangements per se. For in-
of deprivation, anatomical changes are only detectable stance, a requirement for early protein synthesis might
after longer periods of deprivation. Indeed, a shift in reflect translation of proteins from immediate early
ocular dominance distribution is evident after a time as genes, which later act on the transcription of late genes.
short as 6 hr of MD in the cat and after 4 days in the However, recent results in both the visual cortex and in
mouse (see Figure). Anatomical changes in thalamocor- the hippocampus, suggest that structural changes may,
tical arborization are evident only much later, a week in in fact, take place earlier than previously thought, and
the cat and more than a month in the mouse. Based on thus it seems possible that these proteins, the syntheses
such studies, it has been suggested that changes in of which are required for rapid ocular dominance re-
cortical circuitry in the early stages of deprivation are arrangement, are involved in structural remodelling.
In the cat visual cortex, it has been shown that thefollowed by structural changes in the later stages.
Neuron
330
Figure 1. The Visual System of the Mouse, Its Response to Monocular Deprivation, and the Effects of Blocking Protein Synthesis in the Cortex
and in the Thalamus
In mice, as in other mammals, projections from the two retinae segregate into separate portions of the visual thalamic nucleus (dorsal lateral
geniculate nucleus [dLGN]); the ipsi and contra patches are shown in the figure as patches of different colors, matching the color used to
outline the ipsilateral and the contralateral eye. LGN neurons from the ipsilateral and contralateral patch project to the primary visual cortex
(V1). In the binocular portion of V1 (area patterned with bricks), the great majority of the cells are binocular, although there is a clear dominance
of the contralateral eye. Ocular dominance is scored on a basis of the 1–7 scale of Hubel and Wiesel (1962) where a value of 1 indicates
exclusive dominance of the contralateral eye and 7 indicates exclusive dominance of the ipsilateral eye (see ocular dominance histograms
in bottom panels). Monocular deprivation (MD) as short as 4 days produces a loss of neurons responsive to the closed eye (left eye in figure),
so that the ocular dominance distribution recorded in the visual cortex corresponding the contralateral eye shifts toward the nondeprived
eye. Block of protein synthesis via infusion of cycloheximide in the visual cortex, but not in dLGN, prevents the ocular dominance shift induced
by MD. Ocular dominance data are replotted from Taha and Stryker (2002, this issue of Neuron).
rapid ocular dominance plasticity of upper layers is mir- techniques has shown a strong correlation between syn-
aptic plasticity and morphological changes in dendriticrored by similarly rapid anatomical changes in the hori-
zontal connections between the ocular dominance col- spines that appear as early as 30 min after LTP induction
(Yuste and Bonhoeffer, 2001).umns, which undergo reorganization within 2 days
(Trachtenberg and Stryker, 2001). Thus, it seems likely Placing the Taha and Stryker results into a larger con-
text, it is clear that functional changes may not precedethat anatomical changes can arise shortly after MD be-
gins and may contribute to rapid ocular dominance shift. structural changes in all experimental conditions. With
further technical advances, it may be possible to detectThe results of Taha and Stryker not only show the neces-
sity for protein synthesis at very early stages of visual directly the presence of structural changes at even ear-
lier stages, including at times when only functionalcortical plasticity, but add strength to the model that
structural changes are already present at these early changes are generally thought to be present.
stages. There are other strong indications that structural
and functional plasticity may proceed in parallel and not, Lamberto Maffei and Nicoletta Berardi
as previously thought, in widely separated, sequential Istituto di Neuroscienze del CNR
stages. Experiments in the somatosensory cortex have Via G. Moruzzi 1
shown that the critical period for experience dependent 56100 Pisa
modifications of upper layer synapses is superimposed Italy
on the critical period of experience-dependent modifica-
tions of spine motility and turnover, suggesting that Selected Reading
spine plasticity is at the core of map formation in so-
Bliss, T.W., and Collingridge, G.L. (1993). Nature 361, 1–39.matosensory cortex (Stern et al., 2001; Lendvai et al.,
2000). In the hippocampus, the use of advanced imaging Hubel, D.H., and Wiesel, T.N. (1962). J. Physiology 160, 106–154.
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Lendvai, B., Stern, E., Chen, B., and Svoboda, K. (2000). Nature 404, key players in determining cortical physiology dy-
76–881. namics.
Mayford, M., and Kandel, E.R. (1999). Trends Genet. 15, 463–470. Chung et al. supported their conclusions by a series
Stern, A.E., Maravall, M., and Svoboda, K. (2001). Neuron 31, of very elegant experiments. First, they recorded the
305–315. simultaneous extracellular activity of neurons located in
Taha, S., and Stryker, M.P. (2002). Neuron 34, this issue, 425–436. both the ventral posterior medial (VPM) nucleus of the
thalamus and primary somatosensory (SI) cortex. ByTrachtenberg, J.T., and Stryker, M.P. (2001). J. Neurosci. 21, 3476–
3482. stimulating the single facial whisker that induced the
fastest and strongest sensory-evoked response in theseYuste, R., and Bonhoeffer, T. (2001). Annu. Rev. Neurosci. 24, 1071–
1089. neurons, they demonstrated that although both thalamic
and cortical cells exhibit fast frequency-dependent ad-
aptation, cortical neurons adapt more strongly and at
lower frequencies than thalamic neurons to repetitive
whisker stimulation. Next, in vivo whole-cell patch re-
cordings of SI neurons located primarily in layers 2/3 andDepression at Thalamocortical 4 revealed that cortical neuronal adaptation involved a
Synapses: The Key for Cortical dramatic reduction in the earliest portion of the whisker-
evoked cortical synaptic potentials, which followed theNeuronal Adaptation?
same frequency-dependence observed in the extracel-
lular recordings. The authors also observed that cortical
synaptic potentials adapted faster and recovered more
slowly than thalamic sensory responses, suggesting
Neuronal adaptation to repetitive sensory stimuli is that intrinsic cortical mechanisms, in addition to thala-
ubiquitous in the mammalian cortex. Despite its preva- mic adaptation, contributed to the observed attenuation
lence, the cellular mechanisms underlying this basic of SI tactile responses.
physiological property remain a matter of dispute. In Interestingly, rapid adaptation of cortical synaptic po-
this issue of Neuron, Chung et al. provide conclusive tentials was not paralleled by any significant change
evidence that depression of thalamocortical synapses in these neurons’ intrinsic membrane properties. Thus,
may play a significant role in the expression of neu- neither the membrane resting potential nor the input
ronal adaptation in the rat somatosensory cortex. resistance of neurons in the rat SI cortex changed after
the induction of sensory adaptation. Further control ex-
periments also ruled out any other potential postsynap-Despite the fact that neuronal adaptation to repetitive
tic factors as major contributors to the observed adapta-presentations of sensory stimuli has been repeatedly
tion of cortical synaptic potentials. Perhaps the mostobserved in multiple cortical areas, the cellular and syn-
surprising result of the present study was the observa-aptic mechanisms underlying this basic phenomenon
tion that short-term depression of intrinsic cortical affer-
remain a matter of hot debate. The question is not sim-
ents to SI neurons did not contribute significantly to
ple. First, since there is a multitude of afferents that
the adaptation of these neurons to repetitive whisker
converge to cortical neurons, dissecting the potential
stimulation. Instead, control and testing electrical stim-
pathways that can contribute to the phenomenon at uli, delivered near the recorded SI neuron, produced
cortical level poses major experimental challenges. virtually identical monosynaptic electrical responses be-
Moreover, the fact that neuronal adaptation is also ob- fore and after the induction of sensory-evoked adapta-
served in subcortical structures, such as the thalamus tion. Only polysynaptic components of these responses
and the brainstem, makes it difficult to discern whether seemed to be somewhat altered. This observation,
cortical adaptation results from purely intrinsic cortical therefore, virtually ruled out the possibility that sensory-
mechanisms as proposed previously. Part of the mys- evoked adaptation in the rat SI cortex emerged as a
tery in this fascinating story is unveiled in this issue of result of modifications in the synaptic efficacy of local
Neuron by Chung et al. (2002). In this very interesting excitatory corticocortical interactions.
manuscript, these authors provide the first clear in vivo The results were very distinct, however, when the VPM
demonstration that a decrease in the gain of thalamocor- thalamus instead of the SI cortex was electrically stimu-
tical synaptic transmission may be the main reason neu- lated before and after the induction of sensory cortical
rons in the rat somatosensory cortex adapt rapidly, fol- adaptation by repetitive whisker stimulations. In a clear
lowing repetitive whisker stimulation under certain contrast to the cortical stimulation experiments, electri-
experimental conditions or behavioral states. Perhaps cal stimulation of VPM neurons that provide thalamocor-
more surprisingly, and contrary to previous observations tical projections to the recorded barrel cortex neurons
in primary visual cortical slices, Chung et al. report a produced EPSPs that were significantly attenuated after
conspicuous absence of corticocortical synapse de- the induction of sensory-evoked cortical adaptation.
pression in the rat barrel cortex following repetitive This attenuation manifested itself by reductions in both
whisker stimulation. These findings are very significant, the magnitude and slope of the earliest components
not only because they support the notion that short- of the cortical synaptic response to the VPM electrical
term synaptic depression, a phenomenon commonly stimulation. By recording from SI neurons that receive
documented in vitro, may play a significant role in vivo, monosynaptic input from VPM neurons, the authors
but also because they highlight the relevance of consid- were also able to observe that the recovery rate of thala-
mocortical synapses after adaptation was similar to thatering thalamic neurons and their efferent projections as
